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Sec t ion  1 

INTRODUCTION 

A wind tunne l  t e s t  was conducted a t  Ling-Temco-Vought, (LTV) High 
Speed Wind Tunnel during December 1964 t o  determine t h e  s t a t i c  s t a b i l i t y  
and axial  f o r c e  c h a r a c t e r i s t i c s  of a 1.32 percent  s c a l e  model of t h e  
cu r ren t  Saturn IB/Apollo launch v e h i c l e .  T h l s  t e s t  and a n a l y s i s  w a s  
performed under NASA con t rac t  NAS8-4016, P a r t  111-b, Task Assignment No. 
R-AERO-SAT-I/IB-1-65, Work Assignments Aero/AD-13 and Aero/AU-3. 
has designated t h i s  t e s t  as HSWT 182. The bas i c  da t a  from t h i s  t e s t  can 
be obtained from reference 1. 

t h e  Sa tu rn  IB/Apollo and Saturn IB/Apollo/Minuteman conf igu ra t ions  f o r  
Mach numbers of 0.7 t o  4.75 and ang le s  of a t t a c k  of 0 t o  1 5  degrees.  
S t a b i l i t y  parameters of t h e  Saturn lB/Ap0110 components (command module, 
s e r v i c e  module, e t c  . )  with,  and without ,  protuberances a r e  a l s o  presented. 
Data f o r  components with protuberances are  presented, where poss ib l e ,  a t  
Mach numbers of 0.7 t o  4.75. Protuberance-off component d a t a  Is presented, 
where poss ib l e ,  f o r  Mach numbers of  0.8 t o  1 .6 .  

Test d a t a  obtained show t h a t  t h e  break between t h e  S-E3 and S-IVB 
s t a g e s  has no e f f e c t  on t h e  complete model s t a b i l i t y  c h a r a c t e r i s t i c s  a t  
Mach numbers of  0.7, 1.0,  and 1.6 and angles  of a t t a c k  up t o  1 5  degrees .  

LTV 

S t a t i c  s t a b i l i t y  and a x i a l  f o r c e  c h a r a c t e r i s t i c s  a r e  presented for 

Test  d t a  was obtained a t  Reynolds numbers p e r  f o o t  of  approximately 
5 t o  9 x 10 8 a t  Mach numbers of 0.8 t o  1.5 for. Saturn IB/Apollo without 

from 6.5 x lo6 t o  12.4 x lo6 and 9 .2  x 106 to 29 x 10 8 r e s p e c t i v e l y  for 

protuberances.  Data f o r  t h e  t o t a l  model and components forward o f  t h e  
S-IVB s t a g e  showed a change of 1 Fercent or l e s s  due t o  Reynolds number i n  
s t a b i l i t y  parameters a t  angles  o f  a t t a c k  up t o  15 degrees .  

A t  Mach numbers of 2 and 3 t h e  Reynolds number p r fcrot was va r i ed  

t h e  Sa tu rn  IB/Apollo with f i n s  and protuberances.  An evaluat ion of d a t a  
a t  = 13" ind ica t ed  a 2 percent i o  3 p e r c e n t  l zcre i se  nf t o t a l  model 
normal f o r c e  but a 6 percent t o  16 percent decrease of upper s t a g e  (for- 
ward of  S-IB s t a g e )  normal force f o r  t h e  Reynolds number inc rease  shown 
above. 

1.2 ?!nmen cl R t u r e  

A l l  moments are referenced t o  veh ic l e  s t a t i o n  100 (engine gimbal 
s t a t i o n )  as shown in  f i g u r e  1. 

a Angle of a t t a c k ,  degrees 

Ab Model S-IB s t age  base a r e a  including base area of  engine s k i r t s ,  
10.97 sq. i n .  

1 
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Cross-sectional a r ea  o f . each  of t h e  Saturn IB/Apollo components 
forward o f  t h e  S-IB stage.  Subscr ip t  r e f e r s  t o  component: 1. 
S-IIVB s tage ,  2. L E M  adaptor ,  3. S /M,  and 4. C/M. 

Command module 

Roll ing moment c o e f f i c i e n t ,  r o l l i n g  moment/qSD 

Pi tch ing  moment c o e f f i c i e n t ,  p i tch ing  moment/qSD 

Yawing moment coe f f i c i en t ,  yawing moment/qSD 

Base axial force  c o e f f i c i e n t ,  (Pa - Pb)Ab/qS 

Forebody axial force  c o e f f i c i e n t ,  CXT - CXB 

To ta l  axial force  c o e f f i c i e n t ,  t o t a l  axial  force/qS 

Side fo rce  coe f f i c i en t ,  s i d e  force/qS 

~0m1 force  coe f f i c i en t ,  normal force/qS 

Change in normal force or pi tch ing  moment c o e f f i c i e n t s  

Reference diameter,  3.3924 inches,  model s c a l e  

Lunar excursion module adaptor  

Ling-Temco-Vought, Inc. 

Langley Research CeTter 

Mach Number 

?yessure: p s i  or psf 

Dynamic pressure (-$ P M ~ ) ,  p s i  or psf 

Reynolds number VD/V 

Reaction con t ro l  system 

Reference a r e a ,  9.03865 sq. in. 

Serv ice  module 

Turbine exhaust ducts  

Freestream ve loc i ty  

Angle of yaw, degrees 

2 
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a Standard dev ia t ion  

U Kinematic v i s c o s i t y  of a i r  

Ratio of  s p e c i f i c  heats  (1.4 f o r  a i r )  

Subsc r ip t s  

bc Freestream o r  undisturbed wind tunne l  t e s t  sec t ion  condi t ions 

b Base condi t ions 

S S t a t i c  condi t ions 

3 
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Sect ion -2 

DISCUSSION 

2.1 Descript ion of Test  Model and Instrumentat ion 

Data presented i n  t h i s  report  were obtained from a 1.32 percent  d i -  
mensionally sca led  model of t h e  Saturn IB/Apollo launch vehic le ,wi th  and 
without  Minuteman strap-ons,which was  instrumented t o  measure fo rces ,  
moments, and base pressures .  
i n  f i g u r e s  2 and 3 and a r e  completely def ined by re ference  2. The model 
w a s  designed t o  measure simultaneously the  loads on t'ne complete model and 
a l l  or p a r t  of t h e  major model components from t h e  C/M through t h e  S-IVB 
s t age ,  i . e . ,  C/M with LES, C/M with LES + S/M, e t c .  
conf igura t ion  i s  denoted by a "break point"  and a number as shown i n  f i g u r e  
2. 
and S/M with C/M loads being measured by t h e  forward balance.  
component strain gauge balances suppl ied by LTV were used t o  measure a l l  
f o r c e  and moment da t a ,  except base axial  fo rces .  The six components 
measured by t h e  balances a r e  normal fo rce ,  p i tch ing  moment, s i d e  fo rce ,  
yawing moment, r o l l i n g  moment and t o t a l  axial force .  
model were measured by LTV balance VB-17. The var ious upper s t age  config- 
u r a t i o n  fo rces  and moments were measured by LTV balance'  VB-1lB. Pressures  
were sampled a t  two loca t ions  in t h e  model base and a t  var ious  l o c a t i o n s  
i n s i d e  t h e  upper s tages  o f  t h e  model. In t h e  base region pressures  were 
sampled on t h e  top  and bottom of t h e  model s t i n g  about one inch forward 
of t h e  base,  wi th  t h e  pressure tub ing  fac ing  forward along t h e  long i tud ina l  
axis. Ins ide  t h e  model, t h e  upper s t age  pressures  were sampled a t  two 
l o c a t i o n s ,  one near  t h e  break point being t e s t e d ,  and t h e  o t h e r  s e v e r a l  
inches  away. 
a c a v i t y  a t  t h e  r e a r  of t h e  model c a r t .  
balance and nylon pressure  tubing jumped t h e  VB-17 balance i n s i d e  t h e  base 
o f  t h e  model. Severa l  checks were made throughout t h e  t es t  t o  insure t h a t  
t h e  w i r m g  and kiibizg  ere not  inducing an erroneous load o r  h y s t e r e s i s  
e f f e c t  on t h e  VB-17 balance.  

a t i o n  changes. 

s ec t ion  w a s  simulated by f i l l i n g  in between t h e  sca led  70-inch diameter 
t anks  wi th  red  wax and forming t h e  wax with a template of a previous un- 
gapped model tank sec t ion  (references 4 and 5 ) . 

Per t inent  d e t a i l s  o f  t h i s  model are  shown 

Each upper s t a g e  

For example: break point  4 designates  t h e  model gapped between t h e  C/M 
Two six 

Loads on t h e  complete 

A l l  pressures  were measured by a scanivalve unit mounted in 
E l e c t r i c a l  wiring, f o r  t h e  VB-lIB 

A l l  fin's and protuberances were removable t o  permit des i r ed  configur- 

To determine t h e  e f f e c t s  o f  gapped tanks ,  a s o l i d  S-IB s t age  t ank  



. .. 

Balance 

VB-17 

2.2 Data Reduction 

A l l  t e s t  da t a  were recorded on magnetic t a p e  during a t e s t  run,  a f t e r  
which t h e  t a p e  was played back and t h e  r a w  d a t a  punched out  on I B M  cards.  
These d a t a  cards  were then put i n to  a computer program which converted 
t h e  r a w  da t a  t o  useable  aerodynamic c o e f f i c i e n t s  as de f ined  i n  t h e  nomen- 
c l a t u c e .  Balance c a l i b r a t i o n s  performed p r i o r  t o  t e s t i n g  were used i n  
t h i s  operat ion.  
obtained p r i o r  t o  t h e  t e s t  was  used t o  c o r r e c t  t h e  ind ica t ed  angle  of at-  
t a c k  t o  t h e  t r u e  model angle  o f  a t t a c k .  

The model - balance d e f l e c t i o n  c a l i b r a t i o n  information 

cz Cm CY Cn CA 

9 / 2 0  9 / 2 0  9112 t.012’ t . 0 1 2  

2.3 Data Accuracy 

_ _ ~ ~ ~  

VB-11B 

Overall accuracy of  t h e  data  i s  d i f f i c u l t  t o  d e f i n e  because c e r t a i n  
f a c t o r s  a f f e c t i n g  t h e  accuracy cannot be determined. 
o f  t h e  d a t a  accuracy can be obtained from t h e  Mach number and f o r c e  bal-  
ance accu rac i e s .  Tes t s  made t o  determine t h e  Mach number accuracy (ref-  
erence 3) ind ica t ed  t h e  Mach number i s  k:iown with ?$ percent of  t h e  s t a t e d  
value.  Accuracg of  t h e  f o r c e  balance w a s  e s t a b l i s h e d  from t h e  c a l i b r a t i o n  
performed p r i o r  t o  t h e  t e s t .  
ponent from both balances i s  summarized i n  t h e  following t a b l e .  
u n c e r t a i n t i e s  a r e  expressed as c o e f f i c i e n t s  based on a dynamic p res su re  
of 11.6 p s i  and r ep resen t  a 2 a (95.5 percent)  p r o b a b i l i t y  of occurrence.  

A gene ra l  i n d i c a t i o n  

Uncertainty of  t h e  measurement of  each com- 
These 

+.002 +.002 - 2.008 +.011 - i.008 t . 022  - 

?--I + .008 

The following t a b l e  presents  s p e c i f i c  values  o f  d y n d c  pressure f o r  
each t e s t  h c h  number and Reynolds number. 

Dynamic P res su re ,  p s i  
Mach N O .  I Max RN I Min RN 

I I 

4ach No. 

1.2 
1.4 
1.6 
2.0 
2.4 
3 .O 
3.4 
4.0 
L.8 

Dvnamic E 
Max RN 

12.9 
13.9 
13.9 
17.3 
21.3 
32.0 

-- 

22.4 - - 

essu re ,  ps: 
Min HN 

8.8 

11.0 
9.5 
9.21 
10.4 

10.6 

- 

- 
10.5 

5 



A l l  component loads except t hose  f o r  t h e  S-IB s t age  were obtained from 
the VB-11B balance.  
by t h e  VB-17 and vB-11B balances.  

The S-IB s t age  loads  were obtained from daba measured 

2.4 Tes t  Resul ts  

The bas i c  d a t a  used in t h i s  r epor t  were obtained from re fe rence  1. 
I n  gene ra l ,  a l l  d a t a  were obtained with t h e  model having gaps between t h e  
S-IB s t a g e  tanks.  
filled in t o  simulate o t h e r  t e s t  models. 
high Reynolds n u m k r  condi t ion except as noted. 

1.04, 1.1, 1.2, 1.42, 1.61, 2.01, 2.41, 2.99, 3.39, 3.98, and 4.75 for 
t h e  var ious configurat ions t e s t e d .  Mach numbers a t  which s p e c i f i c  con- 
f i g u r a t i o n s  were t e s t e d  va r i ed  t o  s u i t  t h e  p a r t i c u l a r  requirements.  
of  a t t a c k  w a s  va r i ed  continuously from -4 t o  +16 iegrees with d a t a  being 
sampled a t  a ra te  which y i e lded  a m i n i m u m  o f  two d a t a  p o i n t s  pe r  degree 
of  angle  o f  a t t a c k .  

The exception is t h e  run series where t h e  gaps were 
All d a t a  presented are f o r  t h e  

Data were obtained a t  Mzch numbers of .70, .79, .84, .89, .94, .99, 

Angle 

2.4.1 Saturn IB/Apollo S t a t i c  S t a b i l i t y  

S t a t i c  l o n g i t u d i n a l  s t a b i l i t y  d e r i v a t i v e s  and cen te r s  o f  pres- 
s u r e  of t h e  Saturn IS Apollo launch v e h i c l e  a t  zero angle  o f  a t t a c k  and 
Mach numbers of  0.7 t o  4.75 are  presented i n  f i g u r e s  4 and 5. Also shown 
on t h e s e  figures a r e  d a t a  f o r  a similar model obtained from o t h e r  w i n d  
t u n n e l  t e s t s  conducted a t  LTV and LRC ( r e fe rences  4 and 5 ) .  The models 
used i n  t h e s e  o t h e r  t e s t s  d i f f P r 4  from t h e  model used in t h i s  t es t  as 
follows: LEM adap te r  angle  of 8"37 ' ,  wider auxiliary propulsion system 
units, and no gaps between t h e  S-IB s t a g e  tanks.  Reynolds numbers f o r  
t h e  previous LTV t e s t  a r e  t h e  same as t h e  present ,  however, t h e  Langley 
data (Reference 5 )  w a s  obtained a t  Reynolds numbers lower than  t h e  present  
t e s t ,  o r  about 1.1 x 106. 
from Mach number 0.7 t o  2.0. Above Mach 2.0, however, t h e  la tes t  sta- 
b i l i t y  d e r i v a t i v e s  a r e  lower than t h e  previous da t a  and t h e  c e n t e r s  o f  
p re s su re  d e v i a t e  Y r c ~ i i i  t h e  previous d a t a  by as much as +.2 t o  - .5  c a l i b e r s  
depending on Mach number. 

t h e  e f f e c t  of t h e  break between t h e  S-TVB and S-IB s t a g e s  on t h e  t o t a l  
model s t a b i l i t y  c h a r a c t e r i s t i c s  a t  Mach numbers of  0.7,  1.0, and 1.6. 
A s  shown i n  f i g u r e s  6 and 7 t he re  i s  no change in normal f o r c e  c o e f f i c i e n t s  
n r  p i t ch ing  moment c o e f f i c i e n t s  of t h e  model when t h e  model i s  broken 
between t h e  S-IB and S-Tv? s t ~ g e ,  a t  Mach 1 . 6 .  This same conclusion was 
drawn a f t e r  eva lua t ing  similar data comparisons a t  Pkc'n r ~ u i b e r s  nf 0.7 
and 1.0. 

There i s  g e n e r a l l y  good agreement of a l l  d a t a  

A t  t h e  beginning of t h e  t e s t  a s e r i e s  o f  runs were made t o  eva lua te  
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A comparison of t h e  s t a t i c  longi tudina l  s t a b i l i t y  d e r i v a t i v e s  and 
centers  of pressure of t h e  Saturn IB/Apollo launch veh ic l e  wi th .and  without 
gaps between t h e  S-IB s tage  tanks is  shown i n  f igu re  8. These d a t a  show 
t h e r e  is  no change i n  t h e  s t a b i l i t y  d e r i v a t i v e s  or C.P. l o c a t i o n  by chang- 
ing  the  s imulat ion of t h e  S-IB stage t ank  sec t ion .  
f i c a t i o n  t h e  S-IB s tage  tank sec t ion  wi th  gaps i s  r e f e r r e d  t o  as t h e  "gap- 
ped tank" configurat ion and the  s-IB s t a g e  tank s e c t i o n  without gaps i s  
r e f e r r e d  t o  as t h e  I tsol id  tank" configurat ion.  A comparison was  made of 
normal f o r c e  c o e f f i c i e n t ,  pi tching moment c o e f f i c i e n t ,  and C.P. of t he  
Saturn IB/Apollo launch vehic le  s o l i d  and gapped tank a t  angles  of a t t a c k  
o f  6, 8, 10, and 16 degrees and Mach numbers of .8 t o  4.75. 
presented i n  f i g u r e s  9 and 10, show t h e  gapped tank normal f o r c e  coef- 
f i c i e n t s  t o  be g r e a t e r  than t h e  so l id  tank d a t a  but t h a t  t he  p i t ch ing  moment 
c o e f f i c i e n t s  f o r  t h e  gapped tank model a r e  g e n e r a l l y  l e s s  t han  s o l i d  tank 
da ta .  
number of 1 .2 .  Above Mach 1.2, however, t h e  C.P. of t h e  gapped tank model 
moves a f t  of t h a t  of t h e  s o l i d  tank model by as much as .2 c a l i b e r s .  
g e n e r a l  t h e  dev ia t ion  of t h e  gapped tank model da ta  from t h e  s o l i d  tank 
model da ta  increases  with angle of a t t a c k .  The change in normal f o r c e  
c o e f f i c i e n t  and C.P. l o c a t i o n  of  t h e  gapped tank model i s  not as g r e a t  as 
was  es t imated p r i o r  t o  t h e  t e s t ,  Figures 11 and 12 . Even though t h e s e  
increments a r e  very c lose  t o  the balance estimated accuracy l e v e l s ,  t h e  
d a t a  a r e  be l ieved  ind ica t ive .  

S t a t i c  l o n g i t u d i n a l  s t a b i l i t y  d e r i v a t i v e s  and centers  of pressure 
f o r  t h e  Sa tu rn  IB/Apollo with 8, 4, and 0 f i n s  are compared i n  f i g u r e s  
13 and 14. 
while t h e  normal force  der iva t ive  f o r  both t h e  4 and 0 f i n  configurat ion 
a r e  approximately 20% and 50% l e s s  t han  t h e  8 f i n  configurat ion in t h e  
t r a n s o n i c  Mach number region ( M  = .8 t o  1 . 2 ) .  Data f o r  t h e  4 f i n  con- 
f i g u r a t i o n  were obtained a t  Mach numbers of 0.8 t o  1 .2 .  
f i g u r a t i o n  normal force  der iva t ive  has  l i t t l e  change f o r  Mach numbers of 
0 .8  t o  3.4. 
4 fins a r e  removed and about 2 c a l i b e r s  when a l l  f i n s  aresremoved when 
compared t o  t h e  8 f i n  configuration. 

c h a r a c t e r i s t i c s  of t h e  Saturn E3/Apslb model a r e  compared in f i g u r e s  
13 and 15.  
f i c i e n t s  a t  Mach numbers of 0.8, 1.0, a-rd 1 .6  and angles  of a t t a c k  of 
-4 t o  +7 degrees i n d i c a t e  no d i f f e r e n c e  between t h e  l a t e r a l  and longi- . 
t u d i n a l  s t a b i l i t y  c h a r a c t e r i s t i c s .  

Reynolds r ~ u i k e r  f o r  severa l  Saturn IB/Apollo configurat ions.  
Saturn IB/Apollo launch vehicle  wit'nout p r s t lhe rances  , low Reynolds number 
d a t a  were obtained a t  Mach numbers of 0.8 t o  1 .6 .  
present  a comparison of normal f o r c e  and p i t ch ing  moment c o e f f i c i e n t  a t  
M = 0.9 which i s  representa t ive  o f  t h e  o t h e r  Mach numbers. This com- 
par ison i n d i c a t e s  a decrease of about 1% of t h e  measured va lue  a t  15" 
angle  of a t t a c k  f o r  t he  Reynolds number pe r  foo t  change from 8.6 x lo6 t o  
5.5 x 106. This  change i s  n e g l i g i b l e  and may be neglected.  
number t e s t  run was  made for  t h e  Saturn IB/Apollo launch veh ic l e  a t  Mach 

For purposes o f  simpli-  

These da ta ,  

The c e n t e r  of pressure i s  n o t  a f f e c t e d  appreciably up t o  a Mach 

In 

The p i t ch ing  moment d e r i v a t i v e s  show l i t t l e  or no change 

The 0 f i n  con- 

Centers of pressure move forward about h a l f  a c a l i b e r  when 

Statio l a t e r a l  and longi tudina l  s t a b i l i t y  d e r i v a t i v e s  and s p e c i f i c  

Both t h e  s t a b i l i t y  d e r i v a t i v e s  and t h e  f o r c e  an6 iiiGmsnt m e f -  

Data were obtained a t  Reynolds numbers lower than t h e  gene ra l  t e s t  
For t h e  

Figures 16 ana 17 

A low Reynolds 
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numbers of  2.0, 2.4, and 3.0. 
decrease in measured normal fo rce  and p i t ch ing  moment c o e f f i c i e n t s  f o r  
changes in Reynolds number per foot  from 6 .5  - 12.4 x 106 and 9 - 29 x 106 
a t  Mach numbers of  2.0 t o  3.0 re spec t ive ly .  

These d a t a  i n d i c a t e  approximately a 3% 

2.4.2 Sa tu rn  IB/Apollo Component S t a t i c  S t a b i l i t y  

Evaluat ion of  d a t a  with and without t h e  break between t h e  S-IB and 
S-IVB s t ages  ind ica t ed  t h e r e  was no e f f e c t  on t h e  s t a b i l i t y  c h a r a c t e r i s t i c s  
of  t h e  Sa tu rn  LB/Apollo launch veh ic l e  a t  Mach numbers of 0.7 t o  1.6.  
was  concluded from t h i s  evaluat ion t h a t  t h i s  break would n o t  e f f e c t  t h e  
measurement of t h e  upper s t a g e  component da t a .  

5.5 x 106 t o  8.6 x 106 f o r  t h e  upper s t a g e  conf igu ra t ion  which includes 
t h e  components from t h e  C/M w i t h  LES through t h e  L E M  adap to r  without 
protuberances a t  k c h  numbers from 0.8 t o  1 . 6 .  The v a r i a t i o n  o f  normal 
f o r c e  and p i t ch ing  moment c o e f f i c i e n t s  with angle  of a t t a c k  f o r  t h i s  
configurat ion " =  0.9 and f o r  both Reynolds number cases  are shown in 
f i g u r e s  18 ami - . There is e s s e n t i a l l y  no change i n  t h e  s t a b i l i t y  
c h a r a c t e r i s t i  1: -  he Reynolds number change t e s t e d .  The r e s u l t s  pre- 
sented f o r  M . =e similar for t h e  o t h e r  Mach numbers inves t iga t ed .  

s t a g e s  forward of  t h e  S-IB s tage are compared a t  Mach numbers of  0.8, 
1.0,  and 1 .6  and angles  of  a t t a c k  from -4 t o  i-7 degrees  i n  f i g u r e  20. 
These d a t a  i n d i c a t e  t h e r e  a r e  no d i f f e r e n c e s  between t h e  l a t e r a l  and 
l o n g i t u d i n a l  s t a b i l i t y  c h a r a c t e r i s t i c s .  

Sa tu rn  IB/Apollo components a r e  presented f o r  protuberances on ( f i g u r e s  
21 through 32) and protuberances o f f  ( f i g u r e s  33 through 40). 
included i n  t h e  protuberance on p l o t s  a r e  t h e  C/M, C/M w i th  LES, S/M, 
L E M  adap to r ,  S-IVB s t a g e ,  and S-IB s t a g e  wi th  f i n s .  P l o t s  f o r  t h e  pro- 
tuberance o f f  components include t h e  S/M, LEM adap to r ,  S-IVB s t a g e  and 
S-IB s t a g e  wi th  fins. A l l  component l o i d s  d a t a  except f o r  t h e  C/M were 
obtained by s-U"utl-actL-,,n dzta f r D m  a p a r t i c u l a r  "break point"  from t h e  
data obtained f o r  t h e  next  lower numbered break po in t  a t  t h e  same cond i -  
t i o n  (M, a , e t c . ) .  
s u b t r a c t i n g  d a t a  f o r  break point 3 from break po in t  2 da t a .  
were measured d i r e c t l y  by t h e  VB-1.D balance.  

were n o t  a v a i l a b l e ,  e i t h e r  because of  model f o u l i n g  or balance overload. 
On f i g u r e  4.0, d a t a  for bO1ILe ~f t h e  ar),gles o f  a t t a c k  a t  Mach 1.04 and 1 .2  
were el iminated because t h e  t r ends  of  t h e s e  d a t a  were s i g n i f i c a n t l y  d i f -  
f e r e n t  from d a t a  a t  ad jacen t  Mach numbers and t h e r e f o r e  were considered 
erroneous,  

25 through 40) and t h e  C/M with and without  t h e  LES ( f i g u r e s  21 through 24) 

It 

Data were obtained a t  Reynolds numbers p e r  f o o t  o f  approximately 

S t a t i c  l a t e r a l  and l o n g i t u d i n a l  s t a b i l i t y  parameters of  t h e  upper 

Normal f o r c e  c o e f f i c i e n t s  and p i t c h i n g  moment c o e f f i c i e n t s  of t h e  

Components 

For example, t h e  LEM adap to r  d a t a  were obtained by 
C/M data . 

Data f o r  a l l  angles o f  a t t a c k  a t  Mach 3 f o r  a number of conf igu ra t ions  

A comparison o f  component l oads  with and without  protuberances ( f i g u r e s  
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w a s  made f o r  Mach numbers from 0.8 t o  1 .2 .  Addition of  t h e  LES t o  t h e  
C/M increases  t h e  s t a b i l i t y  de r iva t ives  by a f a c t o r  of  approximately 2.5. 
A p a r t  of t h i s  increased load i s  due t o  t h e  LES bu t  t h e  LES loads cannot 
be determined from t h i s  t e s t  data .  Data f o r  t h e  LES obtained from r e f -  
erence 6 i n d i c a t e s  t h e  LES would con t r ibu te  about 15% of t h e  C/M with 
mS s t a b i l i t y  d e r i v a t i v e s .  This increase i n  normal f o r c e  and p i t ch ing  
moment c o e f f i c i e n t s  i s  a t t r i b u t e d  t o  t h e  l a r g e  wake induced by t h e  LES 
f la re  and tower. 
d e r i v a t i v e s  occurred on t h e  E M  adaptor  when t h e  RCS motors were put on 
t h e  S/M. These changes a r e  considered t o  r e s u l t  from t h e  wakes o f f  t h e  
RCS motors. 

( f i g u r e  25 and 33) w i t h  a A C z  o f  about 2.004, but had a g r e a t e r  e f f e c t  
on pitchirig moment ( A  Cm = 2.09) f i g u r e s  26 and 34.  Trends of t h e  changes 
(magnitude and senses )  were random a t  p a r t i c u l a r  ang le s  of  a t t a c k  through- 
o u t  t h e  %ch number range. 

duct ion of normal fo rce  and Fitching moment ( f i g u r e s  29, 30, 37, and 38). 
The change i n  normal fo rce  c o e f f i c i e n t  i s  about 0.05 t o  0.08 and t h e  
F i t ch ing  moment c o e f f i c i e n t  change is about 0 . 1 t o  0.4 a t  

t h e  S-IB s t age  with f i n s ,  ( f i g u r e s  31, 3 2 ,  39, and 40). 
f o r  t h e  low Reynolds number cases a t  Mach 2,  2 . 4 ,  and 3 showed a reduct ion 
i n  normal f o r c e  and p i t ch ing  moment c o e f f i c i e n t s .  
a t  15" angle  of  a t t a c k  indicated about a 15% reduct ion of t h e  normal fo rce  
and p i t ch ing  moment. Most of  t h i s  change occurred i n  t h e  upper s t a g e  
data but did not  occur i n  t h e  t o t a l  model loads.  The reason f o r  t h i s  
change in loads with a change i n  Reynolds nunber has n o t  y e t  been determined. 

8 f i n s  and 4 TED'S  is presented i n  f i g u r e  41.  Data were presented f o r  
0,  2, 4 ,  6, 2 ,  10, 12 ,  14, and 1 5  degrees angle  of a t t a c k  and a t  Mach 
numbers from 0 .7  t o  3.4.  
B / A p o l l o  without f i n s  from the fin-on configurat ion.  
i n  which t h e  f i n  normal force c o e f f j c i e n t  increment w a s  determined it 
L i c h d z s  2 load due t o  change i n  n o m l  f o r c e  on t h e  engines s k i r t s .  
The magnitude and sense of t h i s  change cannoi L e  detzmin,ed from t hese  
t e s t  d a t a .  

f i n s  and TED'S a r e  n o t  presented. This change i s  very small and cannot. 
be a c c u r a t e l y  determined. 

A 10% increase i n  normal fo rce  and pitchirig moment 

The RCS motors had little e f f e c t  on t h e  normal f o r c e  of t h e  S/M 

Removal o f  t h e  protuberances on t h e  S-NB s t age  r e s u l t e d  i n  a re- 

a = 1 5  degrees ,  
Protuberances had l i t t l e  e f f e c t  on t h e  s t a b i l i t y  c h a r a c t e r i s t i c s  o f  

Data obtained 

Evaluat ion o f  t h e  data, 

The change i n  model n o m l  fo rce  c o e f f i c i e n t  due t o  t h e  a d d i t i o n  of 

These da t a  were obtained by sub t r ac t ing  Saturn 
Due t o  t h e  m n n e r  

The change in  veh ic l e  pitchirig moment due t o  t h e  add i t ion  of t h e  
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2.4.3 Saturn IB/Apollo/Minuteman S t a t i c  Longitudinal S t a b i l i t y  

S t a t i c  l ong i tud ina l  s t a b i l i t y  d e r i v a t i v e s  and cen te r s  of pressure  are  
presented f o r  t h e  Saturn IB/Apollo/Minutemaa and t h e  Sa turn  IB/Apollo i n  
f igu res  k2 and 43. The Minuteman inc reases  t h e  b a s i c  Sa turn  IB/Apollo 
d e r i v a t i v e s  15% t o  25% and moves t h e  C .P .  a f t  up t o  0 .5  c a l i b e r s .  The 
varia, t ions of normal force  and pi tching moment with angle  of a t t a c k  f o r  
t h e  Sa turn  IB/Apollo and Saturn IB/Apollo/Minuteman a t  Mach numbers of  
0.8 t o  4.75 are shown in f igu res  & and 45. 
with t h e  Minuteman becomes non-linear a t  lower angles  of a t t a c k  than  t h e  
Saturn IB/Apollo and does not  exhib i t  t h e  same t r e n d s  with angle  of a t t a c k .  

In genera l  t h e  launch veh ic l e  

2.k.4 Axial Force 

Axial fo rce  coe f f i c i en t s  f o r  t h e  Saturn IB/Apollo launch veh ic l e  a t  
Q = 0" are presented i n  f igure  1,6. Included i n  t h i s  f i g u r e  are t h e  

fol lowing : 

1. t o t a l  and base axial fo rce  c o e f f i c i e n t s  obtained f r o m  HSWT 182 
runs a t  constant  Mach number f o r  both t h e  solid and gapped tank 
configurat ion 

a HSWT 182 run i n  which t h e  angle  of a t t a c k  w a s  held constant  
a t  0" and t h e  Mach number var ied  from 0.7 t o  1 .15  

t o t a l  and base axial fo rce  c o e f f i c i e n t s  from a previous LTV 
t e s t ,  HSWT 135 (reference 4).  

2 .  

3. 

In a l l  cases  t h e  t o t a l  axial force was  measured by a fo rce  balance and 
t h e  base axial fo rce  was determined f r o m  pressures  measured on t h e  s t i n g  
i n  t h e  base region.  Forebody axial fo rce  i s  considered t o  be t h e  d i f -  
fe rence  between t h e  t o t a l  and base axial force .  The HSWT 182 da ta  gen- 
c ~ z l l ; ~  seems v a l i d ,  however, both t h e  base and t o t a l  axial  fo rce  coef- 
f i c i e n t s  between Mach 1.0 and 1.2 appear  t o  be l o w  i r i  compai-lsor, ic the 
adjacent  da t a .  
fo rce  c o e f f i c i e n t  i s  a c t u a l l y  lower than  it should be (higher  base pres- 
sure) and might result  from the  s t i n g  f lare  a f f e c t i n g  t h e  base pressure.  
The 10" h a l f  angle  f l a r e  in the s t i n g  starts about 4 model base diameters 
a f t  of t h e  base.  
siioiild be r t t  least _5,3 base diameters long t o  minimize s t i n g  e f f e c t s .  
There i s  gene ra l ly  good agreement between t h e  HSW 182 ana i-iS'wT 135 -La1 
force  c o e f f i c i e n t  da t a ,  t h e  va r i a t ion  being no more than  2% of t h e  HSWT 
182 da ta .  

Examination of t h e  da t a  ind ica ted  t h a t  t h e  base axial 

Information presented in Reference 7 ind ica t e s  t h e  s t i n g  
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Forebody axial force  coe f f i c i en t s  a t  a = 0 degrees f o r  t h e  t o t a l  
veh ic l e  and components i s  presented f o r  protuberances on in f igu re  47 and 
protuberances o f f  i n  f i g u r e  4.8. 
t o t a l  vehic le ,  C/M with and without t h e  LES, S/M, L E M  adaptor ,  S-IVB 
s tage ,  and t h e  S-IB s t age  with fins and tu rb ine  exhaust duc ts .  
48 presents  forebody a x i a l  forces  f o r  t h e  t o t a l  veh ic l e  a t  two Reynolds 
numbers, S/M, LEM adaptor ,  S-IVB s t age  and S-E3 s t age  with fins. 
da ta  f o r  a given configurat ion have been shown on these  p lo t s .  
47, da t a  f o r  t h e  t o t a l  vehic le  and S-IVE? s t age  ind ica t e  poor r e p e a t a b i l i t y  
a t  M = 1 . 6 1  and low values  a t  M = 1.42 (no repeat  runs). 
t h e  problems noted f o r  t hese  Mach numbers could n o t  be determined. 
fo rce  of t he  fin could not  be accura te ly  determined and the re fo re  is  not  
presented. Removing protuberances from t h e  S/M and S-IVB s tage  r e su l t ed  
i n  a reduct ion of forebody a x i a l  f o r c e  on both components of 95% and 50% 
respec t ive ly  of t h e  protuberance on da ta ,  but increased t h e  forebody 
axial force  c o e f f i c i e n t  of t he  LEM adaptor  approximately 20 percent .  
CXF changes are wi th in  t h e  estimated balance accuracy but a r e  s t i l l  con- 
s ide red  as reasonable ind ica t ions  of  t h e  t r ends .  The reduct ion in f o r e -  
body axial fo rce  coe f f i c i en t  of t h e  L E M  adaptor  when t h e  protuberances 
are  added may be t h e  r e s u l t  o f  t he  wakes set  up by t h e  RCS on t h e  S/M. 
This  assumption concerning t h e  forebody axial  force  c o e f f i c i e n t  reduct ion 
o f  t he  LEM i s  supported by t h e  f a c t  t h a t  t h e  forebody axial  fo rce  coef- 
f i c i e n t  of t h e  C/M i s  reduced s i g n i f i c a n t l y  ( g r e a t e r  than  50%) by adding 
t h e  LES. 
exhaust duc ts )  have e s s e n t i a l l y  no e f f e c t  on forebody axial  fo rce  coef- 
f i c i e n t s .  
t r a c t i n g  t h e  measured base a x i a l  f o r c e  c o e f f i c i e n t s  f r o m  the  t o t a l  a x i a l  
f o r c e  measured by t h e  force  balance. 
of t h e  t o t a l  vehic le  without protuberances i s  presented a t  two Reynolds 
number condi t ions.  
g r e a t e r  than t h e  high Reynolds number case.  It could not  be determined 
whether t h i s  change i n  forebody axial f o r c e  c o e f f i c i e n t  was r e a l  because 
t h e  change i n  forebody a x i a l  force coe f f i c i en t  is  wi th in  t h e  balance ac- 
curacy ,  and similar data f o r  the complete upper s t ages  were not  obtained 
t o  either v e r i f y  or disprove the t o t a l  vehic le  r e s u l t s .  

Apollo/Minuteman configurat ions are shown i n  f i g u r e  49. 
f o r c e  a t  M = 1.1 is low, in comparison t o  t h e  da t a  a t  M = 1.0 and 1.2 and 
the re fo re  w a s  n o t  used in f a i r i n g  a cGrve through t h e  da t a .  The low base 
axial force  could be t h e  result of  s t i n g  f l a r e  in t e r f e rence .  

Included i n  figure 47 are da ta  f o r  t h e  

Figure 

A l l  
In f i g u r e  

The cause of 
Axial 

These 

Protuberances on t h e  S-IB s tage  (antenna pannels and turb ine  

Forebody axial force  c o e f f i c i e n t s  were determined by sub- 

The forebody axial  fo rce  c o e f f i c i e n t  

Axial force f o r  t h e  lower Reynolds number i s  gene ra l ly  

Tota l ,  forebody, and base axiai  f o ~ e  coefficients for t h e  Saturn IB/ 
The base axial 
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Conclusions 

Analysis of t h e  d a t a  from HSWT 182 presented in t h i s  r e p o r t  i n d i c a t e s  
following: 

The S-IB s t a g e  t ank  sec t ion  conf igu ra t ion ,  i . e . ,  wi th  or without gaps 
between t h e  t anks ,  has no e f f e c t  on t h e  s t a b i l i t y  d e r i v a t i v e s  a t  

tank model has s l i g h t l y  g r e a t e r  normal f o r c e  and a more a f t  C .P . ;  
however, t h e s e  changes a r e  no g r e a t e r  t han  t h e  d i f f e r e n c e s  between 
t e s t  d a t a  obtained with a similar Saturn IB model i n  s e v e r a l  t e s t  
f a c i l i t i e s .  

a = 0 degrees.  A t  ang le s  of a t t a c k  g r e a t e r  than 6 degrees  t h e  gapped 

Complete veh ic l e  s t a t i c  l a t e r a l  s t a b i l i t y  c h a r a c t e r i s t i c s  are t h e  
same as t h e  s t a t i c  l o n g i t u d i n a l  s t a b i l i t y  c h a r a c t e r i s t i c s  f o r  Mach 
numbers of  0.7 t o  1 .6  and angles  of  a t t a c k  from -4 t o  +7 degrees.  
There i s  a l s o  no d i f f e rence  between s t a t i c  l a t e r a l  and l o n g i t u d i n a l  
s t a b i l i t y  c h a r a c t e r i s t i c s  o f  Saturn IB/Apollo upper s t ages  a t  Mach 
numbers of 0.8 t o  1.6.  

6 Varying Reynolds number per foo t  from 5 .5  t o  8 .5  x 10 has no e f f e c t  
on t h e  normal f o r c e  and pitchirig moment c o e f f i c i e n t s  of t h e  Saturn 
I B / A ~ O ~ ~ O  upper s t ages .  

Addition of t h e  LES t o  t h e  C/M r e s u l t s  i n  a decrease i n  forebody 
axial f o r c e  c o e f f i c i e n t  and an inc rease  i n  t h e  normal f o r c e  and 
p i t c h i n g  moment d e r i v a t i v e s  of  t h e  C/M. 

Addition of  t h e  RCS t o  the  S/M causes a decrease in forebody axial  
f o r c e  c o e f f i c i e n t  and an increase i n  normal fo rce  and p i t ch ing  moment 
d e r i v a t i v e s  of  t h e  L E M  adaptor.  

Normal fo rce  and pi tching moment c o e f f i c i e n t s  of  the'S/M and S-IVB s t a g e  
wi th  protuberances were g r e a t e r  than t h e  protuberance o f f  conf igu ra t ions .  

Protuberances oii the S-IE stzge have l i t t l e  or no e f f e c t  on i t s  normal 
f o r c e  and p i t ch ing  moment c o e f f i c i e n t s .  
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Figure 1 - SATURN IB A X I S  SYSTEM 
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Figure 2 - SATURN IB/APOLLO MODEL DETAILS 
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Figure 3 - M ~ T E M A N  DETAILS AND INSTALLATI(3I 
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